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INTRODUCTION 

Many  agronomists  believe  that  swltchgrass  Is  one  of  the  moat 
promising  of  the  warm  season  grasses  for  the  Oreat  Plains  area. 
It  la  used  for  hay,  grazing,  and  soil-conservation  purposes.   The 
species  Is  readily  adaptable  to  domestication,  exhibiting  none  of 
the  undesirable  seed  and/or  seed  setting  characteristics  common 
to  many  native  grasses.   It  has  good  seedling  vigor,  and  la 
adapted  to  a  wide  range  of  soils  and  climates. 

Recent  establishment  of  a  plant  Introduction  nursery  provides 
a  wealth  of  material  for  breeding  work  at  this  station.   A  wide 
occurrence  of  polyploidy  and  a  great  range  in  morphological  char- 
acters has  been  reported  by  Nielsen  (1944).   It  therefore  seemed 
desirable  to  study  the  population  cytologlcally  and  describe  the 
plants  at  least  according  to  chromosome  numbers.   It  also  seemed 
advisable  to  Include  a  study  of  melotlc  behavior  as  this  aspect  of 
the  species'  cytology  appeared  to  have  been  unstudied.   An  attempt 
was  made  to  combine  these  two  objectives  In  the  present  study, 

REVIEW'  OP  LITERATURE 

Available  literature  on  the  oytologlcal  aspects  of  switch- 
grass  Is  limited.   A  basic  chromosome  number  of  9  In  the  genus, 
Panleum,  was  reported  by  Church  (1929).   Church  (1940)  reported  a 
polyploid  condition  In  swltchgrass.   Plants  grown  from  seed  from 
Oklahoma  yielded  mostly  Individuals  with  36  chromosomes,  the 
tetraplold  number  for  this  genus.  A  few  of  the  plants  were 
noticeably  different,  being  smaller  and  very  pilose  In  contrast  to 


the  rest  of  the  group.   These  smaller  individuals  proved  to  be 
ootoploids  with  72  chromosomes.   An  ootoploid  from  Kemsas  gave 
rise  to  plants  of  the  same  average  height  but  not  so  pilose  as 
the  ootoploid  type  from  Oklahoma.   In  the  same  paper  Church  re- 
ported the  tetraploid  number  36  for  P.  virgatum  var.  splssum 
Llnder  which  was  collected  in  Massachusetts.   This  subspecies  was 
quite  glabrous,  had  short  spikelets,  and  was  intermediate  In 
height  between  the  western  tetraplolds  and  octoploids. 

A  cytological  study  by  Burton  (1942)  on  the  tribe,  Paniceae. 
further  substantiated  a  basic  chromosome  number  of  9  for  the 
Panieum  species.   In  this  study  Burton  reported  a  plant  from 
Oaln«aville,  Florida  having  72  chromosomes. 

A  more  complete  polyploid  series  was  reported  by  Nielsen 
(1944)  who  studied  collections  from  a  large  area  comprising  a  num- 
ber of  states.   He  fotind,  in  addition  to  tetraploid  and  ootoploid 
forms,  plants  with  18,  54,  90,  and  108  chromosomes,  but  concluded 
that  there  was  no  regional  segregation  of  chromosome  races.  He 
also  found  a  great  deal  of  morphological  variations  in  the  species, 
this  variation  being  slightly  greater  among  than  within  chromosome 
races.   In  a  later  paper  (1947)  Nielsen  reported  no  correlation 
between  winterhardlness  and  chromosome  numbers  in  P.  virgatum. 

MATERIALS  AND  METHODS 

Plant  Materiala 

Sporocyte  materials  used  for  this  study  were  obtained  from 
plants  growing  in  a  plant  Introduction  nursery  at  the  Ashland 


Agronomy  farm  of  Kansas  State  College  or  from  open-pollinated  seed 
progeny  of  these  plants.  These  introductions  had  been  collected 
previously  as  seed  from  their  native  habitats  in  the  states  of 
Kansas,  Oklahoma,  Arkansas,  and  Texas  (Table  1),  The  plants  wer« 
classified  In  the  field  as  lowland  or  upland  types.  Hughes,  et  al. 
(1952)  p.  514  stated  "Two  native  types  are  recognized,  the  lowland 
and  the  upland  types.  The  lowland  type  is  much  taller  and  coarser 
stemmed  than  the  upland  type."  All  plants  were  readily  classified 
according  to  this  distinction, 

Cytologioal  Methods 

Parts  of  panicles  for  meiotic  study  were  collected  in  the 
field  and  fixed  in  the  following  Camoy's  solution: 

6  parts  100  percent  ethanol, 

3  parts  chloroform, 

1  part  glacial  acetic  acid. 
Materials  not  immediately  examined  were  stored  in  a  refrigerator 
at  approximately  4°  C.  The  anthers  were  smeared  in  iron  ace to- 
carmine  according  to  the  method  described  by  Smith  (1947).   Satis- 
factory smears  were  immediately  studied  or  made  semipermanent  by 
sealing  with  clear  fingernail  polish  as  described  by  Bamett 
(1955).   Chromosome  counts  were  made  on  all  of  the  plants,  and 
the  following  aspects  of  meiotic  behavior  were  studied: 

(1)  The  nature  of  chromosome  pairing  and  the  number 
of  off -plate  figures  present  at  metaphase  I, 

(2)  The  nature  and  frequency  of  irregularities  at 
anaphase  I  and  telophase  I, 


(3)  The  frequency  of  quartet  micronuclel. 
Parts  of  panicles  with  mature  pollen  were  collected  and  fixed 
in  the  Camoy'a  solution  described  above.   The  pollen  was  subse- 
quently evaluated  on  the  basis  of  Its  stalnablllty  in  the  follow- 
ing solution: 

potassium  Iodide 1  gm,, 

iodine 1  gm., 

•thanol ,   100  ml. 

Pollen  grains  were  classified  A,  B,  or  C  depending  upon  their  in- 
dividual staining  reactions.  Grains  representative  of  each  of 
these  classes  may  be  described  as  follows: 

Class  A:  Non-shrivelled  grains  with  90  percent  or 
more  of  their  contents  Intensely  and  uni- 
formly stained. 
Class  B:  Grains  exhibiting  some  stain  but  considered 
abnormal  due  to  shrivelling,  mottling,  par- 
tial staining  (less  than  90  percent),  and/ 
or  low  Intensity  of  stain. 
Class  C:  Grains  exhibiting  no  stain. 

Phot omi  crographs 

Photomicrographs  were  taken  through  a  Bausch  and  Lomb  micro- 
scope with  a  93X  oil  immersion  lens  (N,  A.  1,25)  and  a  lOX  ocular. 
The  figures  were  photographed  with  a  55mm.  Exakta  camera  on  micro- 
file  film.   Final  magnification  was  915X  for  all  figures  except 
Pig.  4,  Plate  V,  which  was  800X  and  Pig.  S,  Plate  I,  which  was 
88X. 


EXPERIMENTAL  RESULTS 

Chromosome  Complements  and  Morphology 

In  this  study  only  tetraplold  (36),  hexaploid  (54),  octo- 
plold  (72),  and  aneuploid  plants  were  found  (Table  1).  The 
aneuplolds  occurred  at  the  octoplold  level.   Of  the  56  plants  for 
which  chromosome  numbers  were  determined,  18  had  36  chromosomes, 
one  had  54,  and  32  had  72,  while  four  were  aneuplolds,  with  68, 
70,  76,  and  78  chromosomes.   Cells  showing  36,  72,  76,  and  78 
chromosomes  can  be  seen  in  the  figures  respectively:  Pig.  1,  Plate 
IIj  Pig.  1,  Plate  III;  Pig.  1,  Plate  V;  Pig.  1,  Plate  IV;  and 
Pig,  6,  Plate  VI,  The  chromosome  number  of  plant  46  was  somewhat 
questionable.   Some  cells  of  this  plant  had  72  chromosomes  (Pig. 
4,  Plate  IV),  one  appeared  to  have  72  blvalents,  a  few  seemed  to 
have  in  excess  of  108,  while  others  appeared  to  have  more  than  200 
chromosomes  or  fragments  (Pig.  6,  Plato  IV),   These  cells  were 
difficult  to  interpret,  because  they  stained  very  poorly, 

Coimts  of  up  to  and  including  54  may  be  considered  to  be 
accurate.   Some  bias  in  favor  of  euploid  counts  probably  existed, 
since  a  count  was  considered  to  be  an  even  multiple  of  9  lonless 
aneuploidy  was  definitely  apparent. 

Chromosome  counts  were  determined  in  the  pollen  mother  cells 
at  whatever  stage  was  the  most  desirable.   Anaphase  I  cells  were 
very  helpful  in  many  cases,  but  cells  at  diakinesls  were  very 
difficult  to  Interpret,   Counts  were  determined  at  metaphase  I 
when  possible. 


Table  1. 

Chromosome  numbers 

and  sources 

6 
of  plants  studied. 

Cod« 

:  Kansas  State   : 

Chromosome 

• 
• 

No, 

:      No. 

• 
• 

No. 

;        Source 

Lowland 

51047-1 

56 

Treece,  Kana. 

51047-3-2 

36 

Treece,  Kans. 

51048-1-2 

36 

Treeoe,  Kans. 

51049-1- 

•2 

86 

Treece,  Kans, 

51050-1 

36 

Tree CO,  Kans, 

51051-4 

36 

Treece,  Kans. 

51216-1- 

•2 

36 

Port  Scott,  Kans. 

6332-3 

36 

Treece,  Kans. 

6336-2 

36 

Treece,  Kans. 

51254-1- 

•2 

36 

Arkansas  TTnlverslty 

51048-1- 

.2 

36 

Treece,  Kans. 

61041-1- 

•2 

36 

Upland 

I Ola,  Kans. 

15 

51034-2 

78 

Wei da,  Kans. 

14 

51096-1 

72 

Pur cell,  Okla, 

15 

51086-1 

72 

Perkins,  Okla. 

16 

51083-1 

72 

Gushing,  Okla. 

17 

51077-2 

72 

Watova,  Okla. 

18 

51116-1 

72 

Kinsley,  Kans. 

19 

6186-11 

72 

Arkansas  University 

20 

51082-1 

72 

Hallett,  Okla. 

21 

6166-6 

72 

Unknown 

22 

51135-1 

72 

Bonham,  Tex. 

23 

51034-1 

72 

Welda,  Kans. 

24 

51314-1 

72 

Drumraond,  Okla. 

25 

2172-15 

72 

Unknown 

26 

51098-2 

72 

Pauls  Valley,  Okla. 

27 

1412-1 

72 

Unknown 

28 

1431-16 

72 

Blackwell  Selection 

29 

1428-4 

72 

Blackwell  Selection 

30 

51074-1 

72 

Pawhuska,  Okla. 

31 

51003-2 

72 

Turon,  Kans. 

32 

51085-1- 

2 

78 

Stillwater,  Okla. 

33 

51068-1 

78 

Earl ton,  Kana. 

34 

51095-2 

72 

Asher,  Okla. 

35 

1425-11 

78 

Blaokvell  Selectlm 

36 

51071-1 

78 

Alna,  Kans. 

37 

51081-3 

72 

Ponca  City,  Okla. 

38 

51141-2 

72 

Red  River,  Okla, 

39 

51024-2 

72 

Osawatomle,  Kans. 

40 

51027-1 

72 

Osawatomle,  Kans, 

41 

51246-1-: 

2 

72 

Lake  Comanche,  Okla. 

Table  1  (concl.). 


Codo 

:  Kansas  State 

:  Chromosome  • 

No. 

!       No. 

:             No.     : 

Source 

42 

51223-3 

72 

Yale,  Okla. 

43 

51242-1 

72 

Ryan,  Okla. 

44 

51291-19 

72 

Blackwell  Selection 

45 

51087-2 

54 

Perkins,  Okla. 

46 

51153-2-2 

? 

Hutchinson,  Kans. 

47 

2130-19 

76 

W2  Okla.  Selection 

48 

51090-2 

70 

Brifltow,  Okla. 

49 

51235-1 

78 

Frederick,  Okla. 

50 

51232-1-2 

68 
Lowland* 

Manitou,  Okla. 

51 

6341-8 

36 

Cleo  Springs,  Okla. 

52 

6341-2 

36 

Cleo  Springs,  Okla. 

53 

6349-5 

36 

Arkansas  University 

54 

6349-8 

36 

Arkansas  Tinlversity 

55 

6337-1 

36 

Treece,  Kans. 

56 

51058-1 

36 

Treeoe,  Kans. 

Only  chromosome  numbers  determined  for  these  plants. 


All  18  of  the  plants  that  were  of  the  gigas  or  lowland  type 
proved  to  have  36  chromosomes.  Plants  classified  as  upland,  or 
possibly  intermediate  between  lowland  and  upland,  were  found  to  be 
mostly  octoploids  with  one  hexaploid,  four  aneuploids,  and  one 
plant  (number  46)  with  a  questionable  chromosome  number* 

Little  can  be  said  about  chromosome  morphology,  since  no 
enumeration  data  were  taken.  The  chromosomes  were  small  and  ap- 
peared to  vary  in  size  within  each  complement.  No  distinctly 
identifying  characters  were  noted. 


EXPLANATION  OP  PLATE  I 

Pig,  1.   Comparison  of  lowland  and  upland  swltchgrass,  low< 

land  on  the  right  and  upland  on  the  left. 
Pig,  2,  Well-stained  pollen,   88X 


PLATE  I 


Fig.   1 
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Chromosome  Pairing  at  Metaphase  I 

A  total  of  39  of  the  plants  were  analyzed  for  chromosome 
pairing  at  metaphase  I  (Table  2).  It  was  very  difficult  to  find 
this  stage,  and  some  of  the  plants  were  not  analysed. 

In  the  lowland  plants  chromosome  pairing  was  very  regular. 
Six  of  the  12  plants  showed  complete  bivalent  pairing  (Pig.  1, 
Plate  II).  There  were  no  trlvalent  or  quadrivalent  configurations 
In  this  type.  The  other  six  had  a  few  cells  with  univalents,  but 
no  cell  exhibited  more  than  two  unpaired  chromosomes. 

Chromosome  pairing  at  metaphase  I  was  strikingly  different 
In  the  upland  type.  There  was  a  great  deal  of  variation  In  the 
frequencies  of  univalent,  bivalent,  and  quadrivalent  conflgtira- 
tlons.  There  were  no  trlvalent  configurations  present  In  any  of 
the  plants  studied.  Relatively  few  quadrivalent  configurations 
were  fotmd  although  six  plants  showed  some  quadrivalent  configura- 
tions with  plant  41  having  one  In  20  cells  and  plant  50  (2n=  68) 
having  five  cells  out  of  12  with  quadrlvalents.  Quadrlvalents  as 
rings  can  be  seen  In  Pig.  2,  Plate  III,  and  Pig.  2,  Plate  V.  The 
variation  in  univalent  and  bivalent  occurrence  was  the  most  sig- 
nificant feature  at  metaphase  I.  The  average  frequencies  of 
univalents  and  blvalents  varied  from  36  blvalents  and  0  univalents 
In  five  plants  to  an  average  of  18.5  blvalents  and  35  univalents 
In  plant  35  (2n=  72).   In  this  plant  none  of  the  pollen  mother 
cells  examined  had  more  than  26  blvalents.  A  few  cells  had  as  few 
as  12  and  13  blvalents.   Out  of  48  cells  analyzed,  plant  49 
(2ns  78)  had  only  five  pollen  mother  cells  with  all  chromosomes 
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Table  2. 

Chromosome 

pairing 

in  metaphase  I  < 

sells. 

Code 
No. 

5  No.  of   !. 

:  P.M.C.   : 

Mean  No.  per 

P.M.C.  Of 

I 

:    II     : 

III    : 

IV 

Lowland 

6 

0.00 

18.00 

0.00 

0.00 

7 

0.00 

18.00 

0.00 

0.00 

2 

0.00 

18.00 

0.00 

0.00 

4 

0.50 

17.75 

0,00 

0.00 

11 

0.20 

17.91 

0.00 

0.00 

8 

0.00 

18.00 

0.00 

0.00 

4 

0.50 

17.75 

0.00 

0.00 

8 

0.00 

18.00 

0.00 

0.00 

9 

12 

0.17 

17.91 

0.00 

0.00 

10 

34 

0.12 

17.94 

0.00 

0.00 

11 

5 

0.00 

18.00 

0.00 

0.00 

12 

11 

0.18 

17.91 
Upland 

0.00 

0.00 

15 

S 

0.00 

36.00 

0.00 

0.00 

16 

5 

0.00 

36.00 

0.00 

0.00 

17 

2 

0.00 

36.00 

0.00 

0.00 

20 

8 

0.50 

35.00 

0.00 

0.38 

21 

10 

1.60 

35.20 

0.00 

0.00 

23 

3 

0.00 

36.00 

0.00 

0.00 

24 

15 

0.75 

35.60 

0.00 

0.00 

25 

17 

1.88 

34.70 

0.00 

0.18 

27 

8 

2,00 

35.00 

0.00 

0.00 

28 

6 

2.70 

34.00 

0.00 

0.00 

30 

0 

0.67 

35.66 

0.00 

0.00 

32 

2 

5.00 

31.50 

0.00 

1.00 

34 

6 

2.67 

34.67 

0.00 

0.00 

35 

20 

35.00 

18.50 

0.00 

0.00 

36 

2 

1.00 

35.50 

0.00 

0.00 

37 

6 

1.50 

35.00 

0.00 

0.17 

38 

1 

0.00 

36.00 

0.00 

0.00 

39 

8 

1.00 

35.00 

0.00 

0.25 

40 

4 

1.00 

35.50 

0.00 

0.00 

41 

19 

3.26 

34.26 

0.00 

0.05 

42 

13 

0.92 

35.50 

0.00 

0.00 

43 

8 

2.00 

35.00 

0.00 

0.00 

44 

12 

2.33 

34.83 

0.00 

0.00 

45 

2 

1.00 

26.50 

0.00 

0.00 

48 

1 

2.00 

34.00 

0.00 

0.00 

49 

48 

2.58 

37.70 

0.00 

0.00 

50 

12 

1.17 

31.75 

0.00 

0.75 

EXPLANATION  OP  PLATE  II 

Melotlc  behavior  of  lowland  swltchgrass. 

Pig.  1.  Metaphase  I  showing  18jj.   915X 

Pig,  2,  Metaphase  I  with  no  off -plate  figures.   915X 

Pig.  3.  Anaphase  I  showing  lR-18  distribution  of  chrorao- 

■onMS .   91 5X 

Pig.  4.  Anaphase  I  showing  lagging  vmlvalents.   915X 

Pig.  5.  Late  anaphase  I  showing  lagging  univalents.   915X 

Pig.  6.  Telophase  I  showing  no  laggards.   915X 
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paired  (39  blvalents ) ,   The  number  of  univalents  present  was 
either  two  or  four.   In  the  analysis  of  12  pollen  mother  cells 
from  plant  50  (2nss  68),  only  two  cells  had  all  chromosomes  paired. 
Other  plants  showed  a  lesser  number  of  unpaired  xmlvalents  with 
the  number  varying  some  from  cell  to  cell.   Figure  6,  Plate  V, 
shows  a  P,M,C.  with  23  blvalents  and  26  univalents  at  metaohase  I, 
Figure  1,  Plate  III,  and  Pig,  4,  Plate  IV,  show  35  blvalents  and 
two  univalents.  Pig.  1,  Plate  V,  shows  33  blvalents  and  two 
univalents,  and  Pig.  3,  Plate  VI,  shows  37  blvalents  and  four 
univalents  at  metaphase  I. 

Some  stickiness  was  present  at  metaphase  I  In  plants  24,  46, 
and  25.   The  blvalents  seemed  to  be  strung  together  by  small  bits 
of  matrix.   In  one  case  eight  blvalents  appeared  to  be  Joined  in 
this  manner, 

Melotlc  Irref^ularlty  as  indicated  by  figures  off  the  metaphase 
I  plate  is  summarized  in  Table  3,  The  lowland  type  tended  to  have 
sporocytes  with  fewer  off -plate  figures  at  metaphase  I  than  the 
upland  type.   Pour  lowland  plants  exhibited  complete  regularity 
in  this  respect,  with  no  off -plate  figures  present.   It  is  inter- 
esting to  note  that  the  occurrence  of  univalents  seemed  to  be 
positively  correlated  with  the  frequency  of  off -plate  figures  in 
most  oases.   This  was  not  always  the  case,  because  some  of  the 
off -plate  figures  were  blvalents. 

The  frequency  of  off -plate  figures  in  upland  swltchgrass  was 
variable,  but  generally  higher  than  in  the  lowland  type.   None  of 
the  upland  plants  exhibited  a  complete  absence  of  off -plate  fig- 
ures.  It  is  interesting  to  note  that,  of  all  upland  plants,  the 


EXPLANATION  OP  PLATE  III 

Itolotlc  behavior  of  upland  swltchgrass. 

Pig.  1.  Metaphaae  I  showing  35 jj  and  2j.  9I5X 

Pig,  2,  Ifotaphasa  I  showing  2jy,   915X 

Pig.  3.  Anaphase  I  with  no  lagging  chromosomes.  915X 

Pig,  4.  Anaphase  I  showing  9  lagging  univalents.  915X 

Pig.  5.  Telophase  I  showing  bridge  configurations.   915X 

Fig.  6.  Telophase  I  showing  lagging  univalents.   915X 
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Fig.   1 


Fig.   2 
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Pig.   3 


Pig.   4 


Pig.   5 


Fig.   6 
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Table 

3,   Chromosome  behavior  at 

metaphase 

I  as  Indicated 

by 

off- 

•plate  figures. 

: 

s     Percent  P.M. 

C.  with  p;lven  number 

t 

Code 

No. 

:  No. 
:  cells 

off-plate  flKurea 

_:Mean  No. 
:per  cell 

:   0 

:   1 

!   2    : 

3 

I  4-10 

Lowland 

1 

41 

100,0 

0.0 

0,0 

0.0 

0.0 

0.00 

2 

26 

100,0 

0,0 

0,0 

0,0 

0.0 

0.00 

5 

9 

100.0 

0.0 

0.0 

0,0 

0.0 

0.00 

4 

85 

84,0 

12,0 

0,0 

4.0 

0,0 

0.24 

ft 

88 

100,0 

0,0 

0,0 

0.0 

0,0 

0,00 

• 

48 

88.0 

4.8 

4.8 

2.4 

0,0 

0.21 

7 

36 

88.9 

8.3 

2,8 

0.0 

0.0 

0.14 

8 

87 

96,3 

0,0 

0,0 

3.7 

0,0 

0.11 

9 

38 

73.7 

13,2 

10.5 

0.0 

2,6 

0.46 

10 

73 

71.2 

20.6 

2.7 

5.5 

0,0 

0.42 

11 

80 

79.3 

13.8 

6.9 

0.0 

0.0 

0.28 

18 

41 

90.2 

4,9 

4.9 

0.0 

0.0 

0,16 

Upland 

13 

6 

50,0 

16,7 

33.3 

0.0 

0,0 

0,83 

14 

110 

52,7 

28,2 

13,6 

2.7 

2,7 

0.75 

18 

32 

37.5 

31.3 

15.6 

3.1 

12.5 

1,22 

16 

30 

30,0 

53.3 

13.3 

0.0 

3.3 

0,93 

17 

50 

44,0 

30.0 

14.0 

8.0 

4.0 

1,00 

16 

19 

42,1 

31.5 

15.8 

5.3 

5.3 

1,00 

10 

9 

88.9 

11.1 

0.0 

0.0 

0.0 

0.11 

SO 

117 

18.8 

25.6 

26.5 

15.4 

13,7 

1.90 

21 

48 

16.7 

29.1 

22.9 

25.0 

6.3 

1.79 

82 

49 

23.3 

37.2 

14.0 

7.0 

18.5 

1.81 

25 

98 

32.6 

33.7 

24.5 

8.2 

1.0 

1.11 

24 

75 

35.6 

35.6 

20.5 

2.8 

5.6 

1.10 

25 

61 

29.5 

31.1 

27.9 

8.1 

3.2 

1.26 

26 

22 

27,3 

27.3 

31.8 

0.0 

9.2 

2.33 

27 

67 

24.6 

38.6 

22.8 

12.3 

1,8 

1.30 

28 

27 

33.4 

37,0 

22.2 

3.7 

3,7 

1.30 

29 

66 

12.2 

30.3 

15.1 

16.6 

26,8 

2.35 

30 

59 

51.3 

33.3 

5.1 

2.6 

7.7 

0.87 

31 

29 

27.6 

34.4 

20,7 

3.5 

13,8 

1,52 

32 

20 

55,0 

20,0 

10,0 

10.0 

5,0 

1,00 

33 

50 

34.0 

40.0 

14.0 

8.0 

4,0 

1.08 

34 

89 

27.0 

28,1 

25.8 

14,6 

4.5 

1.44 

36 

58 

56.9 

29.3 

13.8 

0.0 

0.0 

0.57 

37 

34 

38.3 

32.4 

17.6 

8.8 

0.0 

1.15 

38 

60 

28.3 

23,4 

28.3 

13.3 

6.7 

1.52 

39 

34 

41.2 

17.6 

29.5 

2.9 

8.8 

1.24 

40 

55 

61,9 

32.7 

1.8 

3.6 

0.0 

0.47 
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Table  3  (concl.). 


t       t 

Percent  P.W 

I.e. 

with 

given  number 

: 

Code 

»   No.   L. 
:  oella  : 

off- 

plate  figures 

.!Mean  No. 

No. 

0 

t        1 

• 
• 

2 

:   3 

:  4-10 

:per  cell 

41 

47 

10,6 

34.1 

27.7 

10.6 

17.0 

2.00 

48 

84 

50.0 

33.3 

11.1 

5,6 

0.0 

0.72 

49 

81 

61.9 

19.0 

14.3 

4.8 

0.0 

0.62 

44 

88 

60.0 

21.8 

10.9 

7.3 

0.0 

0.66 

46 

88 

89.3 

0.0 

10.7 

0.0 

0.0 

0.21 

46 

8 

20.0 

0.0 

20.0 

20.0 

40,0 

3.00 

47 

46 

23.9 

26,0 

30.4 

15.2 

4.4 

1.07 

4S 

65 

60.3 

28.6 

9.5 

1.6 

0.0 

0.52 

49 

47 

40.4 

23.3 

31.9 

0.0 

4.4 

1,06 

80 

88 

20.7 

48.3 

17.2 

13.8 

0,0 

1.24 

hexaplold  (plant  45)  had  the  largest  percentage  of  cells  with  no 
off-plate  figures  at  metaphase  I.   Plant  46  (chromosome  number 
questionable )  had  the  largest  percentage  of  cells  in  the  4-10 
column,  but  only  five  cells  were  analyzed.   Only  12,2  percent  of 
the  cells  of  plant  29,  an  octoploid,  showed  no  off -plate  figures. 
The  aneuploida  exhibited  about  the  same  behavior  as  the  72-chromo- 
some  euploids.   Plant  50  (2n=  68)  had  the  lowest  percentage  of 
cells  with  no  off -plate  figures,  and  plant  48  (2n=  70)  had  the 
highest  percentage  of  cells  with  no  off -plate  figures  but  neither 
fitted  the  extremes  of  the  euploids. 

Chromosome  Behavior  at  Anaphase  I 

Chromosome  behavior  at  anaphase  I  is  summarized  in  Table  4, 
In  all  of  the  lowland  plants,  anaphase  I  irregularities  were  very 
rare.   They  consisted  of  a  few  lagging  univalents  with  some  of 
these  dividing  into  chromotids  (Pig.  4,  Plate  II).   Most  of  the 
colls  were  regular  as  shown  in  Pig.  3,  Plate  II.   There  were  no 
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Table 

4.  Chromosome 

behavior  at  anaphase  T. 

:Percent 
:  cells 

Code  ' 
No. 

t  No. 
!  cells 

•  Percent  P.M. 

C.  with  piven  number  la#^ 

^ards 

;  with 
: bridges 

0 

:  1 

:   2   : 

3   : 

4-10   : 

10+ 

Lowland 

1 

9 

100,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80.0 

0.0 

0.0 

20.0 

0.0 

0.0 

0.0 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

83.3 

16.7 

0,0 

0.0 

0.0 

0.0 

0.0 

14 

78.6 

14.3 

7.1 

0.0 

0.0 

0.0 

0.0 

8 

50.0 

0.0 

50.0 

0.0 

0.0 

0.0 

0.0 

5 

60.0 

40.0 

0.0 

0.0 

0.0 

0.0 

0.0 

U 

8 

100.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

IS 

18 

66.6 

0.0 

16,7 
Upland 

11.1 

5.6 

0.0 

0.0 

IS 

6 

0.0 

0.0 

33,3 

0.0 

66.7 

0.0 

0.0 

14 

20 

10.0 

0.0 

25.0 

35.0 

30.0 

0.0 

0.0 

15 

4 

0.0 

25.0 

0.0 

25.0 

50.0 

0.0 

0.0 

16 

7 

14.3 

0.0 

57.1 

0.0 

28.6 

0.0 

0.0 

17 

6 

0.0 

16.7 

16.7 

16.7 

49.9 

0.0 

0.0 

18 

6 

0.0 

0.0 

33.3 

0.0 

0.0 

66.7 

50,0 

19 

8 

0.0 

0.0 

50.0 

50.0 

0.0 

0.0 

0.0 

80 

10 

0.0 

10.0 

0.0 

10.0 

80.0 

0.0 

20.0 

21 

15 

0.0 

7.7 

0.0 

7.7 

84.6 

0.0 

0.0 

S8 

1 

0.0 

0.0 

0.0 

0.0 

100.0 

0.0 

0.0 

89 

12 

0.0 

16.7 

33.3 

0.0 

50.0 

0.0 

0.0 

84 

8 

50,0 

12.5 

12.5 

12.5 

12.5 

0.0 

50.0 

86 

8 

50.0 

50.0 

0.0 

0.0 

0.0 

0.0 

0.0 

86 

4 

0.0 

0.0 

25.0 

50.0 

25.0 

0.0 

75,0 

87 

14 

0.0 

0.0 

35.7 

28.6 

35.7 

0.0 

0.0 

88 

9 

22.2 

11.1 

33.4 

11.1 

22.2 

0.0 

0.0 

86 

11 

18.2 

9.1 

27.3 

0.0 

45.4 

0.0 

36.4 

90 

9 

22.2 

66.7 

0.0 

0.0 

11.1 

0.0 

0.0 

91 

20 

25.0 

15.0 

5.0 

20.0 

35.0 

0.0 

5.0 

98 

1 

0.0 

0.0 

100.0 

0.0 

0.0 

0,0 

0.0 

99 

4 

25.0 

0.0 

0.0 

25.0 

50.0 

0.0 

50.0 

94 

11 

9.1 

0.0 

0.0 

18.2 

72.7 

0.0 

63.6 

96 

7 

0.0 

14.3 

14.3 

14,3 

57.1 

0.0 

0.0 

97 

4 

50.0 

25.0 

25.0 

0,0 

0.0 

0.0 

75.0 

90 

6 

16.7 

0.0 

16.7 

16.7 

16.7 

0.0 

0.0 

40 

14 

21.4 

14.4 

21.4 

21.4 

21.4 

0.0 

0.0 

41 

7 

14.3 

0.0 

14.3 

28.6 

42.8 

0.0 

37.5 

48 

9 

66.7 

33.3 

0.0 

0.0 

0.0 

0.0 

0.0 

:      : 

1  1             A 

:PeFoent 

:       t 

t  cells 

Cod« 

t  Ho.   :_ 
:  cells  : 

Percent  P.M.C. 

with 

plven  number  lawtards 

:  with 

No. 

0   : 

1    : 

2 

:  3   : 

4-10 

1  10+ 

tbrldges 

43 

7 

0.0 

57.1 

0.0 

28.6 

14.3 

0.0 

0.0 

44 

15 

20.0 

26.7 

20.0 

13.3 

20.0 

0.0 

0,0 

4S 

3 

33,3 

0.0 

66.7 

0.0 

0.0 

0.0 

33.3 

46 

6 

0.0 

0.0 

0.0 

0.0 

0.0 

100.0 

0.0 

47 

7 

0.0 

0.0 

14.3 

14.3 

71.4 

0.0 

0.0 

4S 

6 

50,0 

33.3 

16.7 

0.0 

0.0 

0.0 

0.0 

49 

21 

4.8 

4.8 

23.8 

28.6 

38,0 

0.0 

0.0 

60 

20 

40.0 

30.0 

30.0 

0.0 

0.0 

0.0 

25.0 

bridge  configurations  present  In  any  of  the  cells  studied.  Five 
of  the  lowland  plants  had  no  cells  with  lagging  chromosomes. 

Anaphase  I  Irregularities  were  much  more  common  In  the  up- 
land plants  as  Indicated  In  Table  4.   They  consisted  of  lagging 
univalents,  late-dlvldlng  blvslents,  the  occasional  occurrence  of 
bridges,  and  chromosome  stickiness. 

Lagging  \mlvalents  were  common  In  the  upland  pollen  mother 
cells.   Of  the  38  upland  plants  none  was  completely  lacking  In 
anaphase  I  laggards,  but  the  frequency  of  lagging  bodies  varied 
considerably  from  plant  to  plant.   One  cell  of  plant  46  (chromo- 
some number  questionable)  had  33  laggards,  but  not  enough  cells 
of  this  plant  were  examined  to  establish  this  as  a  general  rule. 
Plant  18  (2n=  72)  also  showed  an  extremely  high  frequency  of  lag- 
gards.  The  aneuplolds  showed  no  more  Irregularity  In  molotlc  be- 
havior than  the  euplolds.   Other  plants  exhibited  considerable 
lagging,  but  no  definite  pattern  seemed  to  be  followed. 
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Some  bridges  were  observed  at  annphase  I  (Pig.  3,  Plate  IV), 
with  12  plants  sjhowlng  this  type  of  Irregularity.  Bridge-fragment 
configurations  were  fairly  common,  but  bridges  were  frequently  un- 
accompanied by  fragments.  The  largest  number  of  bridges  found  in 
a  single  cell  was  five  (plants  26  and  50).   No  plants  exhibited 
bridges  In  all  cells  examined.   Plants  26  and  37  (2n«  72)  showed 
high  frequencies  of  bridges,  but  for  each  of  these  plants,  only 
four  cells  were  examined. 

Chromosome  stickiness  was  quite  prevalent  In  the  upland 
plants,  but  was  completely  absent  In  the  lowland  type.   Stickiness 
(Pig.  5,  Plate  IV)  presented  a  problem  In  the  analysis  of  some 
cells.   Plants  18,  24,  26,  31,  and  46  exhibited  extreme  stickiness 
at  anaphase  I.   In  plants  24  and  31  this  phenomenon  was  so  pro- 
nounced that  Individual  chromosomes  could  scarcely  be  dis- 
tinguished.  Some  sticky  configurations  bore  considerable  resem- 
blance to  multivalents. 

Chromosome  Behavior  at  Telophase  I 

Chromosome  behavior  at  telophase  I  Is  summarized  In  Table  5. 
In  all  lowland  plants  telophase  I  Irregularities  were  rare.   Seven 
of  the  plants  showed  no  lagging  chromosomes  (Pig.  6,  Plate  II), 
and  other  plants  exhibited  very  few  (Plg#  5,  Plate  II).   One 
bridge  was  found  out  of  510  cells  examined. 

Telophase  I  Irregularities  were  more  frequent  In  upland 
swltchgrass.   These  abnormalities  consisted  of  lag^rards,  bridges, 
and  the  formation  of  visibly  abnormal  daughter  nuclei.  Laggards 
frequently  appeared  to  be  univalents,  but  smaller  fragmentary 


EXPLANATION  OP  PLATE  IV 
Itolotlc  behavior  of  upland  swltohgrass. 

Pig.  1,   Anaphase  I  of  plant  47  showing  76  chromosomes.   915X 
Pig,  2.  Anaphase  I  of  plant  47  showing  5  lagging  univalents. 

91 5X 
Pig.  3.  Early  anaphase  I  of  plant  46  (chromosome  number 

questionable)  showing  bridge  configurations.  915X 
Pig.  4.  Metaphase  I  of  plant  46  showing  SSjj  and  Zj,  915X 
Pig.  5.  Anaphase  I  of  plant  46  showing  sticky  chromosomes. 

915X 
Pig.  6.   Anaphase  I  of  plant  46  showing  over  200  ohroraosomea 

and/or  fragments.   915X 
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Pig.  1 


•      I 


Pig.   3 


>  >K^ 


Fig.  2 


^    V,..;* 


Pig.   4 

% 

Pig.    5 


Pig.   6 


EXPLANATION  OP  PLATE  V 

ll«lotlo  behavior  of  upland  swltchgraas. 

Fig.  1.   Metaphaa*  I  of  plant  50  showing  33jj  and  2j.   915X 
Pig,  2.  Metaphaae  I  of  plant  50  showing  Slji*  ^iv>   *"** 

2j.   915X 
Pig.  3.  Anaphase  1  of  plant  50  showing  68  chromosomea.   915X 
Pig.  4.   Quartet  with  no  mlcronuclel.   800X 
Pig.  5.  Anaphase  I  showing  3  lagging  univalents  with  2 

divided  Into  chromotlds.   915X 
Pig.  6.   Metaphase  I  showing  23 jj  and  26 j. 
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Pig.  a 


Pig.   3 


Fig,   4 
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Table 

5.  Chromosome  behavior 

at  telophase  I. 

: 

t 

: 

• 

• 

Percent 
cells 

Code 

No. 

:  No. 
:  cells 

;  Percent 

P,M,C, 

with  pA 

ven  number  lap^Rards  : 

with 
bridges 

:    0 

:  1 

:  2 

:  3   : 

4-10 

:  10+  : 

Lowland 

X 

82 

100.0 

0.0 

0.0 

0,0 

0.0 

0,0 

0.0 

2 

27 

100.0 

0,0 

0,0 

0.0 

0.0 

0.0 

0.0 

S 

9 

100.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0,0 

4 

55 

100.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0,0 

5 

34 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6 

40 

100,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7 

54 

94.4 

3.7 

1.9 

0.0 

0.0 

0.0 

0.0 

8 

29 

100,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9 

46 

91.3 

2,2 

4.3 

2,2 

0.0 

0,0 

2.2 

XO 

51 

92.2 

3.9 

0.0 

3.9 

0.0 

0,0 

0.0 

XX 

22 

91,0 

4.5 

0.0 

0.0 

4,5 

0,0 

0.0 

X8 

61 

98.4 

0.0 

0.0 

1.6 

0,0 

0.0 

0.0 

Upland 

XS 

79 

24.1 

21,5 

26,5 

11,4 

16,5 

0.0 

0.0 

X4 

44 

34.1 

20.4 

22,7 

11,4 

11.4 

0,0 

0.0 

X6 

54 

13.0 

20.4 

25,9 

27.7 

13.0 

0.0 

0.0 

X6 

45 

46,7 

28.9 

11.1 

4.4 

8,9 

0.0 

0.0 

X7 

56 

30.4 

39.2 

19.7 

3.6 

7.1 

0.0 

0,0 

X8 

9 

11.1 

11.1 

11.1 

22.2 

44.4 

0.0 

0.0 

XO 

31 

90,4 

3,2 

0,0 

3,2 

3.2 

0.0 

0.0 

80 

32 

9.4 

28.1 

9,4 

25,0 

28.1 

0.0 

0.0 

«X 

67 

22.4 

16,4 

32,8 

19.4 

9.0 

0,0 

4,5 

88 

52 

73,1 

21.2 

3.8 

0.0 

1.9 

0.0 

0.0 

83 

35 

22.9 

17.1 

37,2 

17.1 

5.7 

0,0 

0,0 

84 

30 

40,0 

30.0 

20,0 

10,0 

0.0 

0,0 

23,3 

85 

28 

67,9 

21.4 

7.1 

3,6 

0,0 

0,0 

0.0 

86 

10 

10.0 

40.0 

30.0 

10.0 

10,0 

0.0 

30,0 

87 

35 

22.9 

28,6 

31,4 

11.4 

5,7 

0,0 

5.7 

8S 

58 

24,1 

38,0 

22,4 

10.3 

5,2 

0.0 

1.7 

89 

43 

41,9 

41.9 

7.0 

7.0 

2,2 

0,0 

0.0 

90 

62 

56,4 

32.3 

8.1 

1.6 

1,6 

0,0 

0.0 

3X 

20 

20,0 

20,0 

15.0 

20.0 

25.0 

0,0 

5.0 

98 

18 

16.7 

50,0 

5.6 

0.0 

27,7 

0.0 

11,1 

93 

35 

57.1 

31.5 

5.7 

5.7 

0.0 

0.0 

2,9 

34 

56 

19.6 

28.6 

23.2 

10.7 

17.9 

0,0 

35,7 

96 

5 

0,0 

0.0 

40.0 

40.0 

20,0 

0,0 

20.0 

96 

57 

14,0 

35.1 

21,1 

19.3 

10.5 

0.0 

5,3 

97 

35 

57,2 

25,7 

17,1 

0.0 

0,0 

0,0 

8.6 

88 

7 

14,3 

14,3 

14.3 

28.6 

28,6 

0.0 

0,0 

89 

57 

42.1 

10.5 

22.8 

12.3 

12.3 

0,0 

0.0 

m 


Table  5  (conol*). 


: 

II  IIMIIIBI 

!  Percent 

• 
• 

■ 

•   cells 

Code 

!   No.    ! 

!  cells  < 

'  Percent 

P.M.C* 

with  Riven  number  lap?p;arda  ■ 

'  with 

No. 

!    0 

t      1 

:  2 

:   3 

:  4-10  : 

10+  • 

:  bridges 

40 

58 

53.5 

17.2 

19.0 

6.9 

3.4 

0.0 

1.7 

41 

51 

17.6 

31,4 

15.7 

13.7 

21.6 

0.0 

0.0 

48 

46 

78.2 

19.6 

0.0 

2.2 

0.0 

0.0 

0.0 

43 

50 

32.0 

34.0 

26.0 

6.0 

2.0 

0.0 

0.0 

44 

29 

31.1 

24.1 

37.9 

6.9 

0.0 

0.0 

0.0 

46 

28 

67.9 

0.0 

10.7 

14.3 

7.4 

0.0 

0.0 

46 

3 

0.0 

0.0 

0.0 

33.3 

0.0 

66.7 

0.0 

47 

49 

8.2 

20.4 

26.5 

28.6 

16.3 

0.0 

0.0 

46 

33 

78.8 

9.1 

9.1 

3.0 

0.0 

0.0 

0.0 

49 

6 

0.0 

0.0 

50.0 

33.3 

16.7 

0.0 

0.0 

60 

64 

54.6 

29.7 

12.5 

1.6 

1.6 

0.0 

0.0 

bodies  were  also  common.  Lagging  bodies  had  sometimes  coalesced 
Into  large  masses  of  chromatin  material.  Daughter  nuclei  were 
sometimes  unequal  in  size  and  occasionally  failed  to  separate 
cleanly,  appearing  to  have  been  formed  through  the  "pulling  apart" 
of  the  entire  parent  nuclei  rather  than  the  separation  of  individ- 
ual xinlvalents,  bivalents,  and  multivalents. 

The  number  of  cells  with  laggards  was  definitely  lower  at 
telophase  I  than  at  anaphase  I,  but  most  upland  plants  could  still 
be  considered  irregular  at  this  stage.   Plant  46  (chromosome  number 
questionable)  was  the  only  one  which  had  an  extremely  high  number 
of  laggards,  but  many  had  from  four  to  ten  per  sporocyte.  The  76- 
and  78-chromosome  plsmts  had  more  cells  with  laggards  than  the  68- 
and  70-chromosorae  aneuplolds.  Some  bridge  configurations  (Pig.  5, 
Plate  III)  occurred  in  13  of  the  38  plants  examined.  Plants  24, 
26,  and  34  (octoplolds)  had  the  highest  frequency  of  bridges. 
Plants  24  and  31  (octoplolds)  formed  apparently  abnormal  daughter 
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nuclei. 

as  described  above,  because 

Of  the 

chromosome  stickiness. 

Table  6,  Quartet  raicronuclel 

• 

: 

Percent  quartets  w 

ith  p;lven  number 

tMean  No, 

Code  : 
No.  : 

No.   : 
cells  : 

of  mlcronuclel 

:  per 
: quartet 

0 

:  1 

:  2 

:   3 

!  4-10  : 

10+ 

Lowland 

S 

111 

100.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.00 

8 

32 

100.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.00 

4 

19 

84.0 

10.0 

5.2 

0.0 

0.0 

0,0 

0.21 

6 

8 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.00 

6 

85 

96.0 

0.0 

4.0 

0.0 

0.0 

0.0 

0.08 

▼ 

87 

100,0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.00 

8 

8 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,00 

9 

56 

91.1 

B.9 

0.0 

0,0 

0.0 

0.0 

0,09 

10 

78 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,00 

U 

7 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.00 

19 

47 

89.3 

4.3 

2.1 
Upland 

4.3 

0.0 

0.0 

0.21 

14 

11 

100.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.00 

15 

56 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.00 

16 

95 

73.7 

26.3 

0.0 

0.0 

0.0 

0,0 

0.26 

17 

S5 

58.2 

29.0 

5.5 

7.3 

0,0 

0,0 

0.62 

18 

102 

88.2 

11.8 

0.0 

0.0 

0.0 

0,0 

0.12 

80 

76 

62.7 

28.0 

8.0 

1.3 

0*0 

0.0 

0.48 

81 

134 

83.6 

15.7 

0.7 

0.0 

0.0 

0,0 

0.17 

88 

52 

94.2 

5.8 

0.0 

0.0 

0.0 

0,0 

0.06 

89 

68 

43.4 

32.5 

20.5 

2.4 

1.2 

0,0 

0.87 

84 

74 

93.2 

6.8 

0.0 

0.0 

0.0 

0,0 

0.07 

8S 

47 

61.7 

34.0 

4.3 

0.0 

0.0 

0,0 

0.43 

86 

66 

69.0 

28.9 

10.6 

1.5 

0.0 

0.0 

0.55 

87 

84 

94.0 

6.0 

0.0 

0.0 

0.0 

0,0 

0.06 

88 

8 

66.7 

33.3 

0.0 

0.0 

0.0 

0,0 

0.33 

89 

94 

77.7 

22.3 

0.0 

0,0 

0.0 

0.0 

0.31 

80 

67 

86.1 

13.4 

1,5 

0.0 

0.0 

0,0 

0.16 

81 

19 

31.6 

42.1 

10.5 

10.5 

5.3 

0,0 

1.16 

88 

48 

58.3 

25.0 

14.6 

2,1 

0.0 

0,0 

0.60 

88 

122 

86.9 

11.5 

1,6 

0.0 

0.0 

0,0 

0.15 

84 

115 

57.4 

29,6 

10,4 

1.7 

0.9 

0,0 

0.60 

86 

108 

66.7 

22.2 

8.3 

1.9 

0.9 

0,0 

0.48 

87 

67 

73.1 

23.9 

3.0 

0.0 

0.0 

0.0 

0.30 

86 

73 

26.0 

21.9 

23.3 

17.8 

11.0 

0.0 

1.71 

89 

63 

90.4 

4.8 

4.8 

0.0 

0.0 

0.0 

0,14 

40 

54 

85.2 

11.1 

3.7 

0.0 

0.0 

0.0 

0,19 

29 


Table  6  (concl.). 


: 

: 

Percent  quartets  w 

1th  given  number 

sMean  No. 

Cods  : 

No.   : 

of 

mlcronuclel 

:  per 

No.  : 

cells  t 

0   i 

I   1   : 

2 

:   3    : 

4-10  : 

io-»- 

: quartet 

41 

29 

75.9 

24.1 

0,0 

0.0 

0.0 

0.0 

0,24 

42 

U5 

95.8 

2.6 

0,8 

0.8 

0.0 

0.0 

0.07 

45 

64 

48.3 

21.9 

21,9 

6.3 

1,6 

0.0 

0.91 

44 

47 

83.0 

17.0 

0.0 

0.0 

0,0 

0.0 

0.17 

4S 

77 

92,2 

3.9 

3.9 

0.0 

0.0 

0.0 

0.12 

46 

SO 

3,3 

3.3 

6.7 

20.0 

53.4 

13.3 

5.60 

47 

119 

41.2 

38.7 

14.3 

5.9 

0.0 

0.0 

0.85 

48 

94 

70.2 

21.3 

7.4 

1.1 

0,0 

0.0 

0.39 

49 

5 

0.0 

0.0 

33.3 

66.7 

0.0 

0.0 

2,67 

50 

55 

74.6 

21,8 

3.6 

0.0 

0.0 

0.0 

0.29 

Melotlo  Irregularities  at  the  Quartet  Stage 

Meiotle  irrep!iilarities  at  the  quartet  stage  are  summarized 
in  Table  6.   Irregularities  consisted  of  micronuclei  and  formation 
of  visibly  abnormal  nuolei  (Pigs,  1,  2,  and  4,  Plate  VI),   Occa- 
sional micronuclei  were  found  in  lowland  plants,  but  the  frequen- 
cies were  very  low.  Seven  of  11  lowland  plants  showed  no  micro- 
nuclei  (Pig.  4,  Plate  V). 

Micronuclei  frequency  was  much  higher  In  the  upland  switch- 
grass,  but  varied  considerably  among  plants.   Two  of  38  upland 
plants  exhibited  no  micronuclei. 

One  evident  fact  was  that  the  number  of  micronuclei  was  not 
in  agreement  with  the  number  of  laggards  at  anaphase  I  or  telophase 
I,  the  niunber  of  laggards  at  telophase  I  being  greater  than  the 
number  of  micronuclei  observed.   Thus  in  plant  15,  an  octoploid, 
only  13  percent  of  the  telophase  figures  were  without  laggards 
while  100  percent  of  the  quartets  showed  no  micronuclei.   A  similar 


EXPLANATION  OP  PLATE  VI 
llilotic  behavior  of  plant  49  (2n=  78), 

Pig,  1,  Abnormal  quartet.   915X 

Pig,  2,  Abnormal  quartet,   915X 

Pig,  5.  Metaphase  I  showing  37 jj  and  4j,   915X 

Pig,  4,  Abnormal  quartets,  91SX 

Pig,  5.  Metaphase  I  showing  SSjj  and  2j,   916X 

Pig,  6,  Metaphase  I  showing  39^^,   915X 
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PLATE  VI 


Fig.    1 


Pig.   S 


V 


*        I 


Pig.   3 


tflc^ 


Pig.   4 


"'Hir.y*' 


V  #1 


«*■ 


Pig.   6 


Pig.   6 


32 


relationship  was  found  in  many  other  upland  plants. 

Apparently  abnormal  nuclei  formation  was  exhibited  in  plant 
49  (2n=  78),   More  than  four  spores  were  sometimes  formed  from 
each  microsporocyte,  but  when  only  four  resulted,  many  were  multi- 
nucleate. 

Pollen  Stainability 

Pollen  stainability  is  summarized  in  Table  7.  Well-stained 
grains  are  shown  in  Pig.  2,   Plate  I.  The  lowland  plants  gave  a 
high  percentage  of  pollen  grains  in  Class  A  with  very  little  vari- 
ation among  plants. 

In  upland  type  plants  pollen  stainability  was  quite  variable 
although  many  of  the  plants  had  a  large  percentage  of  grains  in 
class  A,   It  is  interesting  to  note  that  the  hexaploid  (2n=  54) 
had  the  highest  percentage  of  well-stained  grains  of  any  plant 
observed  in  the  entire  study.   With  the  exception  of  plant  49 
(2n*  78)  the  aneuploids  were  below  average  in  pollen  stainability. 
Plants  46  (chromosome  number  questionable)  and  31  (sticky)  had 
below  the  average  percentage  of  class  A  pollen. 

For  the  purpose  of  statistical  analysis,  the  entire  experi- 
mental population  was  divided  into  four  groups  on  the  basis  of 
chromosome  nximber:  tetraplolds  (i.e.  lowland  plants);  hexaploid; 
octoplolds;  and  aneuploids.   Homogeneity  within  each  group  was 
tested  by  contingency  chi-square.  The  36-chromosome  group  was 
surprisingly  homogeneous  with  a  nonsignificant  chi-square  of 
21.227  (with  16  degrees  of  freedom,  0.10<P<0.25).   A  ohi-square 
of  1788,93  was  highly  significant  for  the  72-chromosome  group 
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Table  7,  Pollen  grain  stainablllty. 

: 

Percentage*  of 

grains 

classified  as 

Code  No,    : 

A 

: 

B 

:       C 

Lowland 

8 

97,4 

1.6 

1.0 

3 

97.0 

1.6 

1.4 

6 

96.6 

2.4 

1.0 

6 

96.4 

1.2 

2.4 

T 

95.8 

1.8 

2,4 

8 

97.0 

2.8 

0.2 

9 

97.6 

1.2 

1.2 

11 

96.6 

1.8 

1.6 

12 

97.4 

Upland 

1.2 

1.4 

13 

83.6 

15.0 

1.4 

14 

93.6 

5.0 

1.4 

15 

88.6 

9.2 

2,2 

16 

85.2 

13.0 

1.8 

17 

82.6 

15.2 

2.2 

18 

78,0 

18,6 

3.4 

19 

97.2 

0.4 

2.4 

20 

97.4 

0.2 

2.4 

21 

90.4 

9.2 

0.4 

PR 

94.0 

2.4 

3.6 

24 

94.0 

3.2 

2,8 

25 

98.8 

0.6 

0.6 

26 

80.6 

1.4 

18.0 

27 

98.8 

0.8 

0,4 

28 

96.4 

0.2 

3.4 

29 

87.0 

7.6 

5.4 

30 

86.4 

8»8 

4.8 

31 

78.0 

17.6 

4.4 

32 

91.9 

4.0 

4.1 

33 

97.2 

2.0 

0.8 

34 

84.B 

9.4 

5.8 

36 

97.6 

0.6 

1*8 

37 

98.8 

0.0 

1.2 

38 

93.8 

3.4 

2.8 

39 

90.8 

7.8 

1.4 

41 

93.8 

2.0 

4.2 

44 

93.0 

2.2 

4.8 

45 

99.0 

0.4 

0.6 

46 

81.4 

2.0 

16.6 

47 

65.0 

15.0 

20.0 

48 

74.8 

20.0 

5,2 

49 

92.8 

3,2 

4.0 

60 

80.4 

11.6 

8.0 

*  Percentages  are 

based 

on  a  total 

of  500 

pollen  grains. 
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(with  52  degrotts  of  freedom,  P«»001).  The  aneuplolds  were  also 
heterogenous  with  a  highly  algnlfloant  chl-square  of  127.86  (with 
■Ix  degrees  of  freedom,  P<<,001). 

Pollen  of  the  different  groups  was  compared  by  means  of 
analysis  of  variance  (Table  8). 

Table  8.  Analysis  of  variance  on  class  A  pollen  stalnablllty. 


Sources  of  variation 

I  D.P. 

:   S.S.   1 

!    '■' .  S  . 

:    F 

Between  groups 

B 

960.62 

480.31 

11.76«* 

Plants  within  groups 

57 

1510.82 

40.83 

Total 

99 

2471.44 

significant  at  the  .01  level. 

Ilean  frequencies  of  class  A  pollen  for  the  tetraplold,  octo* 
plold,  and  aneuplold  groups  were  compared  by  L.S.D,  (Table  9). 

Table  9.  Class  A  pollen  stalnablllty  comparisons  by  L.S.D. 


Oroups     * 

X 

«     X  -  78.25 

'     X  -  90.83 

Tetraplolds 

96.87 

18.62^ 
(L.S.D.  11.06) 

6.04 
(L.S.D.  7.08) 

Octoplolds 

90.83 

12.58** 
(L.S.D.  9.85) 

Aneuplolds 

78.25 

*  significant  at  the  .05  level. 
**  Significant  at  the  .01  level. 
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DISCUSSION 
Chromosome  Complements 

The  range  of  chromosome  numbers  found  In  this  study  (2n=  36, 
54,  72,  68,  70,  76,  and  78)  Is  not  In  complete  agreement  with  that 
reported  by  Nielsen  (1944)  (18,  36,  54,  72,  90,  and  108),  The 
greater  range  of  polyploidy  found  by  Nielsen  may  be  due  to  the  fact 
that  he  studied  plants  from  a  larger  area  than  that  sampled  In  this 
study.  Also,  chromosome  co\ints  in  this  study  were  determined  In 
sporooytes,  while  the  counts  by  Nielsen  were  determined  In  root 
tips. 

Separation  of  swltohgrass  Into  two  separate  types  by  morpho- 
logical and  oytologlcal  characters  should  be  of  considerable  Im- 
portance In  plsmt  breeding.  All  plants  designated  as  lowland  type 
proved  to  have  36  chromosomes,  while  those  designated  as  upland 
were  found  to  have  54,  72,  68,  70,  76,  and  78  chromosomes,  with 
most  of  the  latter  having  72  chromosomes.   Plant  45  (2n=  54)  could 
conceivably  be  a  hybrid  between  a  72-chromosome  and  a  36«chromo- 
some  plant,  although  Its  cytologlcal  behavior  and  morphological 
appearance  did  not  substantiate  this  hypothesis.   It  was  relatively 
regular  at  melosls,  had  mostly  paired  chromosomes  at  metaphase  I, 
very  few  quartet  mlcronuclel,  and  exhibited  the  highest  percentage 
of  well-stained  pollen  In  the  study. 

If  difference  In  chromosome  number  furnishes  a  basis  for  dis- 
tinction of  species,  the  lowland  and  upland  types  might  well  be 
different  species.  They  do  not  seem  to  cross  readily  In  the  field, 
but  available  literature  contains  no  reports  of  attempts  to  cross 
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them  artificially.   Certainly,  It  would  seem  desirable  to  attempt 
controlled  crosses  between  the  two  types  and  to  study  the  morphol- 
ogy and  breeding  behavior  of  any  hybrids  which  might  be  produced. 

The  occiirrenoe  of  aneuploldy  In  the  octoplolds  Is  not  sur- 
prising considering  the  frequency  of  Irregularity  at  melosls,   A 
higher  frequency  of  aneuploldy  might  In  fact  be  expected  In  view 
of  the  extreme  Irregularity  of  some  plants.   Evidently,  gametes 
with  36  chromosomes  are  favored  in  competition  with  those  of  ab- 
normal chromosome  complements. 

The  different  chromosome  numbers  found  In  sporocytes  of  plant 
46  Is  puzzling.   Sporocytes  with  a  large  number  of  chromosomes 
were  reported  by  Bamett  (1955)  who  suggested  spontaneous  chromo- 
some doubling  In  the  floret  or  splkelet  Initials  as  a  possible 
cause.   The  appearance  of  cells  with  an  excess  of  108  and  200 
chromosomes  or  fragments  could  possibly  be  an  artifact,  but  there 
certainly  appeared  to  be  many  stained  bodies  in  these  sporocytes. 
Several  cells  could  have  been  stuck  together,  but  It  seems  un- 
likely that  this  would  have  occurred  repeatedly  as  observed.  Fur- 
ther, only  one  cell  appeared  to  be  Involved  In  each  case.   Another 
possible  explanation  Is  the  presence  of  genetic  control  (Smith, 
1942).   Smith  fovmd  pollen  mother  cells  with  14,  21,  2R,  56,  112, 
and  higher  nvmbera  of  blvalents  In  barley.   It  would  be  desirable 
to  study  plant  46  further  In  order  to  establish  Its  karyologlcal 
status  • 
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Melotlo  Behavior 

Meiotloally,  the  extremely  regular  lowland  swltchgrass  is  In 
strange  contrast  with  its  upland  counterpart  where,  although  there 
is  a  generally-high  frequency  of  blvalenta,  meiotlc  behavior  is 
variable  with  some  plants  being  highly  irregular.  Whether  this 
distinction  reflects  some  fundamental  phylogenetic  differences  or 
whether  it  is  entirely  associated  with  chromosome  number  differ- 
ences is  a  matter  of  speculation.  Certainly  lowland  swltchgrass 
would  be  expected  to  be  more  stable  karyologically  than  the  upland 
population  so  that  the  range  of  chromosome  nximbers  exhibited  by  the 
latter  is  in  this  respect  not  surprising.   Variation  in  the 
meiotic  behavior  of  upland  swltchgrass  might  be  explained  by  a 
genetic  factor  as  found  in  malre  by  Beadle  (1930,  1933).  Beadle 
reported  the  factor,  "asynaptic,"  which  affected  bivalent  forma- 
tion in  such  a  way  that  most  of  the  chromosomes  arrived  on  the 
metaphase  plate  as  imlvalents  rather  than  bivalents.   It  was  de- 
termined later  by  Rhoades  (1947)  that  crossing  over  In  the 
asynaptic  plants  occurred,  but  that  chiasmata  failed  to  form. 

In  the  present  case,  however,  the  occurrence  of  karyotypic 
differences  among  plants  of  upland  swltchgrass  aeems  to  be  a  more 
satisfactory  explanation  of  the  observed  meiotlc  variability  and 
irregularity.  Considerable  modification  of  the  Beadle-Rhoades 
hypothesis  would  be  required  to  explain  the  facts  that  pairing 
failure  was  never  complete  and  that  multivalent  formation  was  oc- 
casionally observed  in  the  present  material.   Some  degree  of 
karyotypic  variation  is  of  course  already  established  by  the 
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occurrence  of  the  hexaplold  plant  and  the  existence  of  smeuploldy 
at  the  ootoplold  level.   If  differences  In  chromosome  niimber 
occur.  It  Is  reasonable  to  suspect  that  karyotyplc  differences 
also  exist  among  plants  of  the  same  chromosome  number.   Such  dif- 
ferences might  Involve  whole  chromosomes  and/or  parts  of  chromo- 
somes.  Hybrid  karyotypes  resulting  from  hybridizations  among 
plants  of  different  karyologlcal  constitutions  would  augment  the 
melotlc  variability  of  the  upland  population.  Karyologlcal  dif- 
ferences of  this  nature  would  almost  undoubtedly  prevent  random 
recombination  of  germ  plasm,  and  It  Is  quite  possible  that  gen- 
etic barriers  exist  even  among  plants  of  the  same  chromosome 
number.   Such  barriers  would  obviously  complicate  the  problem  of 
Improving  upland  swltchgrass  through  breeding. 

Complete  bivalent  chromosome  pairing  In  a  polyploid  Is  gen- 
erally considered  to  be  Indicative  of  allopolyploid  origin  (Riley, 
1949),  p.  596.   Scarcity  of  quadrivalent  configurations  In  switch- 
grass  suggests  that  both  lowland  and  upland  forms  may  be  of  allo- 
polyploid origin.  This  Is  especially  true  with  respect  to  lowland 
swltchgrass  which  exhibited  almost  complete  bivalent  pairing. 
Bivalent  chromosome  pairing  can  not,  however,  be  taken  as  conclu- 
sive evidence  of  allopolyploidy.   Selection  toward  a  bivalent, 
and  hence  a  more  regular  type  of  melosls,  may  have  occurred  In 
many  autopolyplolds.  Thus  Lotus  comiculatus  L,,  which  might 
have  been  considered  an  allotetraplold  because  of  Its  bivalent 
chromosome  pairing,  was  found  by  Dawson  (1941)  to  exhibit  tetra- 
•omlc  Inheritance,   In  Dactyl is  glomerata  L,  a  considerable  pro- 
portion of  the  chromosomes  pair  blvalently  (Meyers  and  Hill,  1942), 
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although  this  species  Is  considered  by  most  authorities  to  be  an 
autotetraplold.   Therefore,  it  would  not  be  advisable  to  consider 
swltchgrass  an  allopolyploid  until  this  aspect  has  been  more 
thoroughly  Investigated.   In  view  of  the  karyologloal  status  of 
upland  swltchgrass  It  seems  that  the  origin  of  this  population 
probably  Involved  more  than  simple  allopolyploidy. 

Discrepancy  between  quartet  mlcronuclel  frequency  and  the 
occurrence  of  laggards  at  telophase  I  Is  difficult  to  explain. 
The  laggards  may  eventually  become  Included  in  the  nuclei  at 
anaphase  II.  Another  possibility  Is  that  the  mlcronuclel  are  ob- 
scured by  the  main  nuclei  of  the  quartets.   Perhaps  the  most 
likely  exDlanatlon  would  be  that  the  chromosomes  lose  their  matrix 
in  the  cytoplasm  and  do  not  stain  sufficiently  to  be  visible. 
Analysis  of  Irregularities  at  telophase  I  or  dyad  stage  would 
probably  be  more  reliable  than  analysis  of  quartet  mlcronuclel  In 
critical  evaluation  of  plants  for  melotlc  regularity.  The  telo- 
phase I  stage  Is  more  readily  obtained  than  quartet  figures,  and 
the  scarcity  of  mlcronuclel  might  give  a  false  Impression  of 
melotlc  regularity. 

Abnormal  quartet  formation  In  plant  49  (2n=  78)  Is  an  Inter- 
esting feature.   This  type  of  abnormality  was  reported  In  a  hybrid 
between  Trltlcum  vulgare  and  Agropyron  elongatum  by  Msrshall  and 
Schmidt  (1954).   Clark  (1940)  reported  a  genetic  change  In  malae 
which  caused  changes  In  the  structure  of  the  spindle  and  resulted 
In  abnormalities  similar  to  those  observed  here.   In  the  present 
study  It  Is  possible  that  a  genlc  unbalance  resulting  from  the 
presence  of  six  extra  chromosomes  Is  responsible  for  the  produc- 
tion of  aberrant  quartets  in  plant  49, 
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Chromosome  Stickiness 

Some  of  the  plants  exhibited  considerable  chromosome  sticki- 
ness at  metaphase  I,  anaphase  I,  and  telophase  I,   Chromosome 
stickiness  resulted  in  configurations  which  were  difficult  to 
interpret  and  which,  in  some  respects,  were  suggestive  of  multi- 
valency.   It  seems  possible  that  such  stickiness  could  prevent 
cells  from  completing  cell  division. 

The  nature  and  cause  of  this  stickiness  ia  a  matter  of  specu- 
lation.  Method  of  fixation  may  be  the  cause,  but  this  seems  tin- 
likely,  because  all  of  the  plants  were  collected  and  fixed  in  the 
same  manner,  while  only  a  few  exhibited  stickiness.   It  seems  to 
be  the  result  of  simple  adhesion  of  the  matrix  material.   A 
"sticky"  strain  of  maize  has  been  Investigated  by  Beadle  (1932; 
1937).  A  recessive  gene,  "sticky,"  when  homozygous  caused  sticki- 
ness of  the  chromosomes  resulting  in  chromosome  aberrations. 

Pollen  Stainability 

The  pollen-staining  reaction  of  the  lowland  and  upland  popu- 
lations is  closely  analogous  to  the  meiotic  behaviors  of  these 
groups.   Homogeneity  within  the  lowland  population  is  in  accord 
with  the  uniform  meiotic  behavior  of  this  group  while  the  extreaa 
heterogeneity  of  the  upland  population  corresponds  nicely  with 
the  irregular  and  variable  meiotic  behavior  of  this  type.   It 
seems  likely  that  pollen-staining  differences  are  largely  if  not 
entirely  the  reflection  of  karyotyplc  variability. 
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Both  tetraplold  and  octoplold  groups  had  significantly 
better-stained  pollen  than  the  aneuploids.   This  Is  not  surprising 
since  low  fertility  Is  a  conmon  characteristic  of  aneuploids. 
Of  greater  Interest  Is  the  fact  that  plant  49  (2n=  78)  had  a  con- 
siderably higher  percentage  of  well-stained  pollen  than  plant  47 
(2n=  76),  Since  both  these  plants  are  hyperplolds  It  would  seem 
that  "karyotjrplo  balance"  Is  an  Importance  factor  even  at  the 
octoplold  level.   It  Is  of  course  also  possible  that  plant  47 
possesses  karyotyplo  deficiencies  In  spite  of  the  fact  that  It  is 
a  hype rpl old, 

SUMMARY 

Chromosome  numbers  of  56  plants  of  Pan  1  cum  vlrpiatum  were  de- 
termined.  Seed  stocks  used  for  the  study  were  taken  from  the 
states  of  Oklahoma,  Arkansas,  Kansas,  and  Texas,   Counts  were 
made  from  P,M,C,  smear  preparations.   Complements  of  2n=  36,  54, 
72,  68,  70,  76,  and  78  were  determined.   The  chromosome  count  for 
one  plant  was  considered  questionable.   Some  sporocytes  of  this 
plant  had  72  chromosomes,  one  appeared  to  have  72  blvalents,  a  few 
seemed  to  have  In  excess  of  108  chromosomes,  and  two  appeared  to 
have  more  than  200  chromosomes  or  fragments. 

Chromosome  numbers  for  16  lowland  type  plants  were  determined, 
and  all  these  plants  proved  to  have  36  chromosomes.  Plants 
classified  as  upland  were  foxrnd  to  have  covints  of  2n=  54,  72,  68, 
70,  76,  and  78, 

Lowland  swltchgrass  was  quite  regular  at  melosls.   It  showed 
nearly  complete  bivalent  chromosome  pairing  at  metaphase  I,  had 


48 


few  laggards  at  anaphase  I  and  telophase  I,  and  a  negligible  nim- 
ber  of  quartet  mlcronuclel.   Upland  switohgrass  was  quite  variable 
In  meiotic  behavior.   Many  plants  showed  complete  or  nearly  com- 
plete bivalent  pairing  at  raetaphase  I,  while  others  exhibited  ft 
varying  number  of  univalents.   One  plant  had  as  low  as  12  blva- 
lents  out  of  a  possible  36  at  metaphase  I.   Some  quadrlvalents, 
but  no  trivalents,  were  found  at  metaphase  I.   Most  of  the  plants 
exhibited  lagging  chromosomes  and  occasional  bridges  at  anaphase 
I  and  telophase  I.   Quartet  mlcronuclel  were  relatively  frequent* 
but  their  total  number  was  less  than  the  total  number  of  laggards 
at  telophase  I. 

Apparent  chromosome  stickiness  was  observed  in  metaphase  I, 
anaphase  I,  and  telophase  I  cells  of  some  of  the  upland  plants. 
Formation  of  abnormal  quartets  was  observed  In  one  plant. 

Pollen  stainabillty  was  consistently  high  in  the  lowland 
swltchgrass,  but  was  quite  variable  in  the  upland  plants.   Euplold 
plants  exhibited  a  higher  frequency  of  well-stained  pollen  than 
the  aneuploids. 
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A  plant  introduction  nursery  of  Panlcum  vlrRatum.  composed 
of  seed  stocks  collected  from  Oklahoma,  Kansas,  Arkansas,  and 
Texas,  provided  the  source  of  plant  materials  for  this  study. 

The  purpose  of  the  study  was  to  Investij^ate  the  karyologioal 
status  of  this  species.   Plants  were  classified  in  the  field  as 
lowland  or  upland  types.   Parts  of  panicles  with  sporocytes  and 
matured  pollen  were  collected  In  the  field  and  fixed  in  Camoy»8 
solution  for  cytological  study.   Chromosome  counts  and  other 
cytological  observations  were  baaed  on  pollen  mother  cell  smear 
preparations.   Pollen  fertility  was  evaluated  by  its  staining  re- 
action in  potassium  iodide  solution. 

Chromosome  counts  of  56  plants  are  reported.   Counts  of 
2na  36,  54,  72,  68,  70,  76,  and  78  were  determined.   One  plant  had 
a  questionable  chromosome  number.   Some  sporocytes  of  this  plant 
had  72  chromosomes  while  one  appeared  to  have  72  bivalenta,  a  few 
seemed  to  have  in  excess  of  108,  and  two  appeared  to  have  more 
than  200  chromosomes  or  fragments. 

Chromosome  numbers  of  16  lowland  plants  were  determined  and 
all  of  these  plants  proved  to  have  36  chromosomes.   Plants  classi- 
fied as  upland  had  complements  of  2n'=  54,  72,  68,  70,  76,  and  78, 

Lowland  and  upland  swltchgrass  were  found  to  be  quite  differ- 
ent in  meiotio  behavior.   Meiotic  behavior  in  the  lowland  type 
was  quite  regular  with  nearly  complete  bivalent  pairing  at  raeta- 
phase  I,  only  a  few  lagging  chromosomes  at  anaphase  I  and  telophase 
I,  and  a  negligible  number  of  quartet  micronuclei.   On  the  other 
hand,  meiotic  behavior  in  the  upland  type  was  quite  variable. 
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Many  upland  plants  were  found  to  have  some  univalents  at  metaphase 
I  and  high  frequencies  of  lagging  ohromosomes  at  anaphase  I  and 
telophase  I.   Quartet  mlcronuclei  were  found  in  many  of  the  upland 
plants,  but  their  total  was  not  as  high  as  the  number  of  laggards 
found  at  telophase  I.   Possible  causes  for  this  were  discussed. 

Apparent  chromosome  stickiness  was  found  in  some  of  the 
upland  plants  at  metaphase  I,  anaphase  I,  and  telophase  I.   Ab- 
normal quartet  formation  was  observed  in  one  plant. 

Pollen  stainability  was  consistently  high  in  the  lowland 
switchgrass  but  quite  variable  in  the  upland  plants.   Kuploid 
plants  exhibited  a  higher  freqxienoy  of  well-stained  pollen  than 
the  aneuploids. 


